Abstract
Objectives-To examine the rate of cerebral palsy in twins and triplets in births from 1980 to 1989 in Western Australia and to identify factors associated with increase in risk.
Design-Pluralities for all births in Western Australia were identified through the standardised midwives' notification system, and cases of cerebral palsy were identified from the Western Australian cerebral palsy register.
Main outcome measures-Multiple births, cerebral palsy, excluding postneonatal cause.
Results-The prevalence of cerebral palsy in triplets, of 28 per 1000 survivors to 1 year (95Gb confidence interval 11 to 63) exceeded that in twins (7 3; 5*2 to 10) and singletons (1.6; 1-4 to 1.8). Although twins and triplets were more likely than singletons to be low in birth weight, their risks of cerebral palsy if low in birth weight were similar. In contrast, in normal birthweight categories twins had a higher rate of cerebral palsy (4.2; 2-2 to 7.7) than singletons (1.1; 1-0 to 1-3). The prevalence of cerebral palsy was similar in twins of unlike sex pairs, all ofwhom are dizygotic, and in like sex pairs. A twin pair in which one member died in utero was at higher risk of cerebral palsy: 96 per 1000 twin pairs (36 to 218) compared with 12 (8.2 to 17) for twin pregnancies in which both survived. There was a similar but non-significant trend for death of one triplet to be associated with increased risk ofcerebral palsy in the survivors ofthe set.
Conclusion-Triplet pregnancies produced a child with cerebral palsy 47 times more often than singleton pregnancies did and twin pregnancies eight times more often. Eighty six per cent of cerebral palsy in multiple births was in twins. As multiple births are increasing mainly because ofpersonal and medical decisions the increased risk of cerebral palsy in multiple births is ofconcern.
Introduction
In Western Australia, as in the United Kingdom,' 2 the United States,34 and elsewhere,56 multiple births have increased in recent decades. Between 1980 and 1989 the proportion of twins in Western Australia rose from 1-9% to 2-9% and higher order multiple births from 0 1% to 1 -0%/I.7 Concern has been expressed about the perinatal and longer term complications associated with these increases. 2 4
Twins born in Western Australia in 1991 were four times more likely than singletons to be stillborn and five times more likely to die as neonates.7 Twins were 16 times more likely than singletons to weigh less than 1500 g at birth; one in 3-3 liveborn infants weighing under 1500 g was from a multiple birth. Twins required neonatal intensive care eight times more often than singletons, 21 times more often for longer than 28 days. Comparable figures for triplets are not available in Western Australia but probably the risks and stresses for triplet births are even greater. The problems experienced by parents and medical staff and the costs resulting from the increase in multiple births have been discussed in the lay68 and medical press.2 9 10 In addition to their vulnerability to early illness and death,"' twins are at higher risk of developing cerebral palsy.'213 A previous population based report from Western Australia describing births from 1956 to 1985 observed a prevalence of cerebral palsy in twins 2-6 times that in singletons and found suggestive but, because of small numbers, inconclusive evidence that triplets were at higher risk of cerebral palsy than twins. ' palsy (the denominator group) these retrospectively ascertained cases were counted according to the plurality indicated on the midwives' notifications of birth. This report differs from an earlier paper from this data set in this regard. '4 Rates calculated per 1000 pregnancies relate to pregnancies in which at least one child survived to 20 weeks' gestation or had a birth weight of at least 400 g. Prevalence estimates are presented with 95%/o confidence intervals,20 as are odds ratios.2' Analyses for linear trends and for odds ratios adjusted for important confounders were based on standard unconditional logistic regression.22
Results
Between the beginning of 1980 and the end of 1989, 226517 singletons, 5132 twins, and 225 triplets were bom alive in Western Australia (table I) . Of these, 38 twins and six triplets were found to have cerebral palsy. Three pairs of twins were concordant for cerebral palsy.
In all triplets and in 28 (78%) affected twins the form of cerebral palsy was spastic diplegia or hemiplegia, or a combination of these spastic conditions. Rates per 1000 live births for hemiplegia and diplegia were several times higher in multiple than in singleton births (hemiplegia 2-98 in multiples, 0 47 in singletons; diplegia 3-35 in multiples, 0-46 in singletons). Adjusted for birth weights of < 1500 g, 1500-2499 g, and 3 2500 g the odds ratios for multiples compared with singletons were 1-8 (1-0 to 3 2) and 1 1 (0 7 to 1 9), respectively. No differences were noted between children of singleton and multiple births in the severity of their cerebral palsy or in the occurrence or severity of associated intellectual disability.
Details of all twins and triplets with cerebral palsy and their cotwins and cotriplets, including birth weight, birth order, sex, and outcome from the Western Australian cerebral palsy register, are listed in the appendix (tables AI and AII).
PREVALENCE OF CEREBRAL PALSY OR DEATH BY

PLURALITY
Twin infants were about four and a half times more likely than singletons to die before their first birthdays (table II) . Early mortality in triplets tended to be higher than in twins, but the confidence intervals around these values for triplets were wide and overlapped those for twins.
The rate of cerebral palsy, whether considered in live births or in survivors to 1 year, was 4-6 times higher in twins than singletons and higher still in triplets than in twins. Triplets had an observed rate of cerebral palsy about 17 times higher than the rate in singletons. Triplet pregnancies produced a child with cerebral palsy 47 times more often than singleton pregnancies. Despite the striking increases in risks for triplets, triplet gestations were uncommon and twins accounted for 86% of the cerebral palsy among multiple births. In non-concordant pairs of twins the twin with cerebral palsy was the firstborn in 15 pairs and the secondborn in 17. Of pairs concordant for cerebral palsy one was unlike in sex and two were of like sex. The prevalence of cerebral palsy in boys tended to exceed that in girls: for twins the rate in boys was 8-5 per 1000 at the age of 1 year (5 4 to 13) and in girls 5-3 (3-6 to 10), but the differences were not significant. In twins of like sex pairs the rate of cerebral palsy was not significantly higher in boy-boy (14-6; 8-1 to 26) than in girl-girl pairs (6-9; 2-8 to 16). Four of six triplets with cerebral palsy were boys. The observed prevalence of cerebral palsy in twins of unlike sex (15-9; 8-6 to 28) was not significantly different from that in those of like sex (119; 7-6to 19).
PREVALENCE OF CEREBRAL PALSY BY BIRTH WEIGHT
The mean (SE) birth weight in liveborn singletons was 3377 (1-14) g, in twins 2431 (8 8) g, and in triplets 1761 (38-1) g. The distribution of birth weight was lower with increasing plurality (figure). Forty six per cent of surviving twins and 90% of surviving triplets to the age of 1 year were low (<2500 g) in birth weight compared with 4-4% of singletons (table IV).
The prevalence of cerebral palsy was higher in babies of low birth weight in all pluralities. Thirty five per cent of cases of cerebral palsy in singletons, 69% in twins, and all cases in triplets were in infants born weighing less than 2500 g. Although twins were 10 times more likely than singletons to be low in birth weight, with an excess even greater in triplets, the observed rate of cerebral palsy in infants of low or very low birth weight was not different from that in singletons of the same weight group (table IV) . In twins born weighing 2500 g or more, however, the observed rate of cerebral palsy was 3-8 times higher than in singletons of that weight group. Thus, although multiple births were greatly overrepresented among low and very low birthweight groups, the risk of cerebral palsy in twins did not exceed that of singletons of similar weight except in infants of 2500 g or more.
In non-concordant twins the affected twin was the heavier of the pair in 20 cases, the lighter in nine, and the same in one. In twins in which the weight differed by 500 g or more the affected twin was the heavier in five and the lighter in three. In five of the six sets of triplets the child with cerebral palsy was the heaviest member of the set.
RISK BY DEATH OF ONE OR MORE FETUSES IN PAIR OR SET
In 52 twin pregnancies one member of the pair was born alive while the other died in utero (table V) . In twins who survived to 1 year after the death of a cotwin the prevalence of cerebral palsy was 96-2 per 1000, 15 times higher than for twins who were both live born, in whom the prevalence was 6-4, and 60 times higher than for liveborn singletons, in whom the prevalence was 1-6.
Of the 79 sets of triplets in this population there were seven in which at least one child survived to 1 year while another died in utero. The observed prevalence of cerebral palsy in triplets with a cotriplet who died as a fetus was 154 per 1000 survivors to 1 year, while comparable figures for triplet sets of which all members were born alive were 29-0 per child and 57-1 per set. With such small numbers of triplets these differences, although dramatic, were not significant.
Discussion
Experience in Western Australia in the 1 980s indicates that multiple births are at increased risk of cerebral palsy. The risks of producing a child with cerebral palsy were 0-2%, 1-3%, and 7-6% for singleton, twin, and triplet pregnancies, respectively. Furthermore, pregnancies in which intrauterine death of a cotwin or cotriplet occurred were associated with even greater risks of cerebral palsy: 10% in twins and 29% in triplets.
The only other source of population based information on long term neurological morbidity in triplets of which we are aware is the survey of Botting et al. 9 This survey included triplet and higher order multiple births in the United Kingdom but was limited to multiple gestations in which three or more infants survived the neonatal period. Hence 
births and among those bom weighing less than 1500 g a prevalence of 68 per 1000, values reasonably comparable with those reported here despite the differences in methods.
COMPARISON WITH OTHER STUDIES
Our results agree in several respects with those from a recent population based study on cerebral palsy from Califomia.13 Twins are much more likely than singletons to be low in birth weight, but at a given low birth weight the risk of cerebral palsy in twins does not differ from that in singletons of similar low weight. In twins of 2500 g or more the risk is considerably higher than in singletons. Death of one of a pair of twins is associated with a sharply increased risk of cerebral palsy in the survivor (also reported in a Swedish study.23). The risk of cerebral palsy is similar in twins of unlike and like sex pairs. Multiple births contributed a larger proportion of the total number of cases of cerebral palsy in the 1980s than in the past.
The higher rate of cerebral palsy in multiple births is probably mostly explained by their tendency to be of low birth weight. There may, however, be additional adverse effects of "twinning" as the risk of cerebral palsy in twins whose birth weight was 2500 g or more was higher than in singletons of the same weight. This was seen in the Califomian twin study'3 and has also been shown for mortality. 226 Thus the possibility arises that as twin pregnancies approach term, the chances of perinatal death or disability exceed those in twins of lower birth weight.
CARE IN MULTIPLE PREGNANCY
Multiple gestations are one of the few kinds of pregnancies identifiable fairly early as being at high risk of cerebral palsy, and they are also at risk of antenatal and neonatal mortality. Such pregnancies may therefore warrant further investigation including antenatal fetal monitoring as term approaches, high resolution cranial ultrasound examination of the infants soon after birth, and follow up to evaluate neurological outcome in an effort to identify factors contributing to their fairly high risk of brain disease.
Fetal deaths early in pregnancy are likely to be underascertained in studies in which plurality is identified from vital statistics records, and this was noted in both our study and a comparable Califomia investigation.'3 Other study designs incorporating ultrasonography early in gestation and information on follow up will be necessary to examine more fully the Clinical implications * Rates of cerebral palsy are higher in triplets than in twins, who have higher rates than singletons * Muchbutnot all ofthe increased riskofcerebral palsy is related to the tendency of twins and triplets to be of low birth weight * Rates of multiple births are rising because of increased use of treatments for infertility and a rise in births to older women * In this study if one or more fetus of a multiple birth died in utero the risk of cerebral palsy was much higher in the surviving fetuses than if all survived * The proportion of all cases of cerebral palsy occurring in multiple births is rising association of in utero death with neurological disability in survivors of multiple gestations.
TRENDS IN MULTIPLE BIRTHS
Multiple births are more common now than in past years. While factors such as more births to older women may play a part in this trend,'3 treatment of infertility is probably the major contributor to this increase.227 Survival of low weight twins and triplets has also increased over recent decades as it has for singletons of low birth weight. Since both demographic shifts and most forms of assisted fertility produce an increase chiefly in dizygotic births, it is noteworthy that twin pairs of unlike sex, who are all dizygotic, are not at lower risk of cerebral palsy than like sex pairs. This finding agrees with those from another recent study. '3 Our findings should be confirmed and extended to other population based contemporary data sets that monitor long term neurological outcome and are able to incorporate information on prenatal and perinatal events. Unfortunately, few such data sets exist. Our report shows that using an established register of cerebral palsy allows rapid assessment of the impact of societal changes and changes in medical management on the occurrence of an important form of long term neurological morbidity.
CONCLUSIONS
Cerebral palsy is, except in its mildest forms, a disabling and costly condition often accompanied by other neurological disabilities. The likelihood per pregnancy of long term neurological morbidity, which is eight times greater for twin pregnancies than for singletons and 47 times greater for triplet pregnancies, is relevant for obstetricians and for prospective parents as they make decisions conceming options for the treatment of infertility. Prospective parents considering modes of conception that increase the likelihood of multiple gestations need counselling that includes information on the full range of risks, including that of cerebral palsy, associated with multiple births. For parents, clinicians, and society who must often share the responsibility for disabled children, documentation of an increased risk of cerebral palsy in multiple births gives grounds for concem 
